Measurements of fallout of particles and microorganisms were carried out during the light and dark period in animal rooms occupied by rats, rabbits, cats and monkeys. Correlations between both parameters were established. The 24-hour mean was calculated and the percentage deviation of the individual measurements from this mean used for the elaboration of phase maps. For rats there is a high increase of particle and microorganism emission during the night following the activity cycle, while for cats and monkeys emission increases only during the feeding period. In rabbit rooms there is a nearly equal emission during day and night.
Most modern animal rooms are ventilated with particle-free filtered air partly or fully conditioned.
The conditions within the empty room are standardized within a narrow range of variation.
Little attention, however, has been paid to the fact that the room occupants, animals and man, represent an environmental variable which interacts with the basic conditions.
Within the room primary air from the air inlet is continuously being mixed with secondary air which is altered by the room occupants.
The mixing ratio of secondary with primary air was found to be different in the various parts of the room (Weihe & Teelmann, ] 974; Tee1mann & and cyclic diurnal changes occur due to the activity cycles of the animals.
As they interact with the expected average conditions within animal rooms they deserve careful consideration. This paper deals with diurnal changes of environmental parameters in animal rooms with emphasis on the emission of microorganisms and particles which are large enough to sediment at mean air velocities of 3-5 cm/s. The results are presented in phase maps which were originally designed for physiological parameters of mice and rats by Aschoff (1964) .
MATERIALS AND METHODS
Investigations were carried out in the standard rooms of the Central Biological Laboratory of the University of Zurich. The rooms have a floor space of 15 m 2 (3'8 X 4,0 m) and are 2·4 m high. Cage racks are situated along the walls on both sides. Air enters from the ceiling in the middle-of the room, passes between the cages and is sucked out through a set of 3 vertical air channels on each side. The incoming air in the rooms is filtered free of particles and microorganisms.
There are 18-20 air exchanges per hour. For details see .
The following rooms were selected for this study: rat experimental room with 800-1000 male rats (60-250 g bodyweight); rat breeding room with 120-140 female rats (1 pregnant: 2 suckling); 3 cat rooms with 18 to 20 cats each; a monkey room with 4 rhesus (Macaca mulatta), 20 squirrel (Saimiri sciureus) and 6 owl monkeys (Aotus trivirgatus).
This last room was 26 m 2 in area (5'40 X 4,80 m). The lighting scheme was L:D 14:10 hours in the rat rooms and 12: I2 hours in all other rooms.
Particle fallout (PFO-units) was determined by the Saab method, laying out sampling plates (5 X 5 cm) of black polished glass on the floor of the rooms for a certain time between 5-60 min, and reading the particle sedimentation on the plates with the aid of the Saab PFO-Photometer with maximum capacity 2000 units (Saab, Industrial System Division, Jonkoping, Sweden) . Inside the photometer the plate is illuminated by 2 luminous fluxes which come in nearly parallel to the surface.
The particles scatter the light in all directions.
The scattering light above the plate (90°angle) is sensed by a cadmium photo cell. The method is described in detail by Austin (1970) and Emerot & Molin (1973) . With this method particle size is not determined.
Larger particles visible to the eye can produce a high reading value because of intense light reflexion.
Such visible particles were carefully removed from the plates to eliminate errors.
In each room 9 plates were exposed at an equal distance, 2 of them on the centrally placed table. Exposure time varied between 10 min in the experimental rat room and 60 min in the cat room. The computed mean of 9 samples per measurement was expressed as PFO per hour.
The fallout of microorganisms was determined by placing the same number of 9 open petri dishes (diameter 7'5 cm) with human blood agar on the floor next to the glass plates at an equal distance for a certain time between 10 and 60 min as stated above.
The petri dishes were incubated at 33°C for 24-28 h and the number of colonies counted under light. The mean of the 9 samples was expressed as colony-forming units (CFU) per hour or CFU/m 2/S, taking an area of 44·2 cm 2 per petri dish.
Plates and dishes were placed on the floor with care and movements of the investigator were slow to avoid turbulence of the air near the ground causing stirring up of particles.
The doors of the rooms were closed slowly after placing the plates and the investigator waited outside during the period of exposure.
RESULTS

Rats Experimental and breeding rooms
Daily measurements of fallout of particles and microorganisms in the rat experimental room were carried out on consecutive days in the morning at 0900 h, in the evening at 1930 h before darkness and at 2030 h after the beginning of darkness at 2000 h. The results are summarized in Table 1 . The distribution of the 30 measurements~with the regression ·Iine y=64+ 17-4x inserted is given in Fig. 1 Table 1 . Fallout of particles (PFOjh) and microorganisms (CFUjh) in an experimental rat room at 3 different times during the day (mean ± s.e.).
Time
No. oltests PFOjh (days) 8 10 12
After the correlation between the fallout 'of microorganisms and particles had been established the values of one factor could be estimated from the given values of the other factor with high precision.
For the recording of the 24 h phase, therefore, only one method-the PFO measurement-was chosen because results can be read immediately after exposure of the plates.
Circadian rhythm
The results of 18 measurements of PFO/h during a 24 h period and the CFU/h values estimated by the relationship given in Fig. I are presented in Table 2 . In the experimental rat room there was an 8,5 fold increase of PFO/h Fig. 1 at 0900 h are compared with those at 2030 h the increase was 11·2 fold. In the breeding room comparable data were 505 PFO/h in the morning and 1266 PFO/h at 2030 h, the increase being only 2·5 fold. Particularly interesting was the sudden increase of particle emission from shortly before to 30 min after the lights were switched off. This experiment demonstrated the patterns of sedimentation of particles and microorganisms.
Absolute values depend on numbers and weights of animals per room.
The high 2030 h values in Table 2 were not observed during a longitudinal study (Table 3) with less animals in the room.
Values during the dark phase were high in both rooms with 2 maxima, one at the beginning and one near the end of it. Morning values were lowest with a progressive increase during the afternoon which started earlier in the experimental room and later in the breeding room. From the results it was conjectured that the oscillation in fallout of particles and microorganisms was chiefly due to the activity of the animals.
In order to substantiate this assumption tape recordings of the noise produced by the animals in the rooms were taken.
In the experimental room it was very quiet (48-50 db) in the morning.
There was an increase of 5 db after lights were turned off, and some typical sounds occurred such as squeaking and knocking against the cage walls. Details of these studies will be reported later (Weihe & Baumgartner, in preparation) .
In the breeding room there was always some noise produced during the day by the restless litters or feeding does.
Longitudinal studies in the experimental rat room
The question arose as to whether with the soiling of bedding during the week after cleaning on Mondays the PFOjh and CFUjh would change.
2 measurements were carried out daily over a 3-week period, when the number of animals remained fairly constant, at 1930 before and 2030 h after the lights were turned off at (2000 h). The data in Table 3 show that on the cleaning day PFO/h was above the weekly mean at 1930 h but below it at 2030 h. On the following day, Tuesday, it was the opposite.
It seems most important that there was no increase but, on the contrary, a decrease of PFO/h at the end of the week and also no striking change of CFU/h throughout the week. The analysis of variance of the data at both times showed that the variation of daily values was not significant (Table 3 ). The result does not confirm an earlier observation on CFU/m 3 where the highest value was found on Monday .
Importance of bedding in rat rooms
In a further separate study the influence of the bedding material (dust-free wood granulate) was investigated.
A set of 30 polycarbonate cages ('Makrolon Type Ill'; E. Becker & Co. GmbH, Castrop-Rauxel 2, FDR) with 3 rats was arranged in a separate room and PFO/h and CFU/h measured for 3 consecutive days at 1930 and 2030 h. The animals were then transferred to wiremesh cages of identical size at the same place and trays with filter paper sheets at 5 em distance placed underneath to hold droppings.
The result of a 6-day study are given in Table 4 . Even after the bedding material was removed the actual values of PFO/h and CFU/h were not significantly changed.
Therefore with our bedding material the majority of particles seem to stem from the animal itself, faeces and food. 
Cats
Measurements of fallout of particles and microorganisms were carried out simultaneously in 3 rooms with 16-18 cats in each. Exposure time had to be extended to 30 min during the activity phase with feeding and to 60 min during the resting phase. The means of 14 measurements during 24 hours are given in Table 5 . The regression equation PFOjh versus CFUjh of 14 pairs of values was y=IO'7+12'7
x (sb=2'26 and 1.=0'18) (Fig. 2) . When data of PFO/h or CFU/h were plotted against time it was seen that there was a steep peak of emission during the feeding period around 0900 h when the cats played around in their cages. Additional peaks of increased emission of particles and microorganisms could also be initiated during the day when the animals were distributed.
A comparison of the regression line for rats (Table 1) with this one for cats showed no significant difference (comparison of slopes F= 0'01; p>0·05). Fig. 1 (n=30) .
Otherwise values were low as long as the animals were quiet, particularly during the dark phase (Fig. 2) . Rabbits A total of ] 6 measurements was carried out in 4 rooms with 34-36 rabbits at various times during the day and night. In one series of 10 measurements the trays underneath the cages were filled with the common wood granulate, while in another series of 6 measurements the trays were left empty.
Mean values are summarized in Table 5 . The value of PFO/h was higher if the trays were filled with bedding material for fluid absorption. This is more clearly seen by the PFO/h: CFU jh ratio being twice as high than that when trays were left empty .. There was no wide daytime related scatter of PFOjh or CFUjh values (Fig.  2) . A regression 'between both could not be established.
The emission of particles and microorganisms stayed almost equally high throughout the 24 h period as there were always a few animals moving about in their cages.
Monkeys
In the monkey room the results of measurements of fallout of particles and microorganisms resembled very much those found in the cat rooms. The fallout in front of 2 rows of cages with 2-3 Saimiri sciureus per cage during 30 and 60 min exposure of the plates was occasionally nil. This was most surprising as the animals were continuously playing and running in their cages.
Very low values were also found in front of Aotus trivirgatus. These animals behaved rather quietly.
Low values were found in front of Macaca mulatta so long as the animals did not get excited and begin sneezing and rattling the cage doors and walls. The means of 8 measurements in the room (Fig. 2) were 40 PFOjh and 5 CFUjh, an expression of the extremely good hygienic conditions in the cages (Table 5 ). This series of experiments excluded other values' where a high number of droplets was found in front of M. mulatta cages on the plates but very few particles.
An increase to 64 PFOjh and 32 CFUjh was observed during the feeding period immediately after the food (fruit and pelleted diet) was put into the cage. 
CONSTRUCTION OF PHASE MAPS
The compiled data of PFOjh and CFU/h during the 24 h L-D period were transformed to percentage values for the construction of phase maps. The basic structure of a phase map of environmental factors is shown in Fig. 3 . Time is given on the abscissa with the dark phase especially marked. The 24 h mean of any parameter is indicated at 0 % on the ordinate. The length of the ordinate on both sides of the 0 % mark depends on the deviation of values of the individual parameters. In Fig. 4 , air temperature (Ta) and relative humidity (RH) for the standard rooms are inserted.
As there is no day to night change but only a slight irregular variation of the set conditions a straight line results with a variation of 1-2 % (Weihe, ] For the estimation of the diurnal phases of the sedimentation of particles and microorganisms in the rooms occupied by the individual species the mean values of all measurements for the rats of Table 2 and for the other species of Table 5 were taken as 0 % and the deviation of the single measurement from the mean was calculated.
The values for the rat experimental and breeding rooms are inserted in Fig. 4 . In the experimental rat room the morning values go down to -70 % of the 24 h mean value. Here again the difference between the 2 types of rat rooms in amplitude of the particle sedimentation rate must be stressed (Table 2) .
Since for rabbits no diurnal changes could be established there is a linear range similar to Ta and RH, though with a wider variability.
For cats and also monkeys there is a striking morning peak during feeding and extended minimum period during the dark phase.
DISCUSSION
The investigation dealt with the measurement of the actual values of fallout of particles and microorganisms in animal laboratories. These values were used for the construction of phase maps which revealed different diurnal patterns for each animal species. There is some evidence from the present observations and findings that the changes in the emission of particles and microorganisms depend on the physical activity of the animals. Any body movement will increase the concentration of airborne particles and microorganisms.
Therefore it seems that specific modifications in the quantity of particles within the basic patterns will have to be considered in view of the Fig. 3 with diurnal change of emission of particles and microorganisms in an experimental and breeding room for rats, and in rooms with cats, monkeys and rabbits. activity cycles of animal species (Siegel, 1961) . These depend on the length of the light and dark periods, light intensity, climatic conditions and other factors (Cloudsley-Thompson, 1961) . Besides the changes in quantity of fallout of particles and microorganisms there are typical species differences.
As the comparative investigation has shown ( Table 5 ) the rat and the rabbit belong to a group of animal species which cause a high emission of particles and microorganisms, while cats and monkeys belong to a group with low particle emission.
However, the ratio of particles to microorganisms is also species-specific and is large for the rat, cat and rabbit -depending on housing conditions-but small for the monkey (Table 5 , last column).
From the pattern described in the phase maps certain general statements can be made.
Emission refers to airborne particles and microorganisms attached to particles and droplets of which the smaller sizes «0·5 llm) are carried away with the outgoing air and the larger ones (>0'5 11m) may precipitate.
Here the fallout and consequently the larger sized particles were measured.
The pattern in the phase maps, however, can be extended to the smaller nonsedimenting sized particles or microorganisms in the air as well. Hence, the units CFU/m 3 and particles per cubic metre (P/m 3) are added at the upper corner of Fig. 4 . When these values were directly measured, using air samplers such as the Royco counter, similar proportions in amplitudes were found (Weihe, unpublished) .
The amount of aspiration of particles with breathing of animals and man can be read from the phase map and this may affect instructions, e.g. concerning the time face masks are needed.
From Fig. 3 it can be deduced that the floor in the rooms with rats will be covered with a dense layer of particles in the morning.
Therefore the floor should be washed first before working in the room to avoid stirring up the dust. Washing of the floor in the afternoon at the end of the working day seems superflous in rat rooms if no particular human activity went on in the room during the day. Also it is recommended that cleaning and other work in the rodent room should be done in the early morning when the low level of pullutants constitutes less strain on the respiratory organs of the caretaker.
The opposite applies to the rooms with cats and monkeys; these rooms should be washed about an hour after feeding the animals when the emission of particles has come to a standstill.
Any disturbance of animals will cause a new increase of particle and microorganism emission.
If the worker is aware of this fact he will to some extent be able to control the emission by his behaviour towards the animals.
